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Abstract

Background—Infectious diseases (IDs) are an important cause of infant mortality in the United
States. This study describes maternal and infant characteristics associated with infant 1D deaths in
the United States.

Methods—Infant deaths with an ID underlying cause of death occurring in the United States
were examined using the 2008-2009 Period Linked Birth/Infant Death public use data files.
Average annual 1D infant mortality rates (IMRs) for singleton infants were calculated. A
retrospective case-control study was conducted to determine infant and maternal risk factors for
infant ID death among low (LBW) and normal (NBW) birth weight groups. Controls were defined
as infants surviving to the end of their birth year. Risk factors for infant ID deaths were
determined through multivariable logistic regression.

Results—An estimated 3,843 infant ID deaths occurred in the United Sates during 2008-2009,
an overall ID IMR of 47.5 deaths per 100,000 live births. The mortality rates for LBW and NBW
infants were 514.8 and 15.5, respectively. Male sex, younger maternal age (<25 years), a live birth
order of fourth or more, and low 5-minute Apgar score were associated with increased ID death
among LBW and NBW infants. Additionally, black maternal race was associated with increased
ID death among LBW infants, and having an unmarried mother was associated with increased ID
death among NBW infants.

Conclusions—Awareness of associations with infant 1D death should help in development of
further strategic measures to reduce infant ID morbidity and mortality.
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INTRODUCTION

Emerging, reemerging, and endemic infectious diseases (IDs) are a significant concern in
the United States as they contribute to substantial morbidity, mortality, and financial
burdens. 1:2 The burden of ID hospitalizations, particularly among infants (<1 year of age),
is substantial; a recent report indicated that in 2003, 42.8% of infant hospitalizations were
due to 1Ds and the in-hospital fatality rate for infant ID hospitalizations was 0.16%.1

Although IDs, when aggregated, have been shown to be an important cause of infant
mortality in the United States, recent studies of infant and maternal risk factors for infant
ID death have focused on specific I1Ds, such as diarrhea, lower respiratory tract infections,
pertussis, and bronchiolitis.#~7 These studies have identified associations of infant mortality
with race and birth weight. Infants of black race and low birth weight (LBW) infants were
shown to have higher noncongenital 1D death rates in the 1980s; noncongenital infections
accounted for almost 90% of infant 1D deaths.3 Postneonates (infants at least 28 days old) of
black race or LBW were at increased risk for a noncongenital 1D death.2 With increasing
survival of LBW preterm infants® and continued racial disparity in rates of LBW and LBW-
related infant mortality,®-12 we expect continued importance of infant 1D deaths.

The objective of the present study is to describe maternal and infant characteristics
associated with infant deaths due to IDs in the United States and to further explore the role
that birth weight and race have on infant ID mortality.

MATERIALS AND METHODS

Data source and inclusion criteria

Infant ID deaths occurring in the United States were examined using the 2008 and 2009
Period Linked Birth/Infant Death public use data files from the National Center for Health
Statistics, Centers for Disease Control and Prevention.141° Infant ID deaths were defined as
singleton infants (<1 year of age) born in the United States to U.S. resident mothers with an
ID International Classification of Diseases, 10t Revision, (ICD-10) code listed as the
underlying cause of death (UCOD) on the death record. 16 The ID ICD-10 codes used in this
study were adapted from a previous classification of ID deaths using ICD-9 codes.” Results
are reported among all infant 1D deaths unless the neonatal or postneonatal periods are
specified.

ID Infant Mortality Rates

In 2008 and 2009, 1.3% and 1.4%, respectively, of all infant death records could not be
linked to the corresponding birth certificate.141° To account for the unlinked death records,
the weighted number of infant ID deaths was estimated using weights provided by the
National Center for Health Statistics.12-1> Maternal and infant characteristics that were
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comparable between the 1989 and 2003 birth certificate revisions were examined and
included sex, birth weight (very low birth weight [VLBW, <1500 grams], moderately low
birth weight [1500-2499 grams], LBW [<2500 grams] and normal birth weight [NBW,
>2500 grams]), gestational age (<37 weeks and =37 weeks), 5-minute Apgar score (<7 and
>7), maternal age (<19, 20-24, 25-29, and =30 years), maternal marital status, maternal race
(white, black, American Indian/Alaska Native [Al/AN], and Asian/Pacific Islander [A/PI]),
maternal Hispanic origin, live birth order (first, second, third, and fourth or more), and
number of prenatal visits (0, 1-2, 3-5, and =6).14:15 Some characteristics had missing data
and therefore did not sum to the total number of infant ID deaths; percentages calculated
exclude missing data. Average annual 1D infant mortality rates (IMRs) were calculated
overall and by each characteristic as the weighted number of deaths per 100,000 live births
of the corresponding group during 2008-2009. In order to compare age periods at death—
since the neonatal (<28 days of age) period is shorter than the postneonatal period—neonatal
and postneonatal IMRs were calculated as the weighted number of deaths in the age period
per 100,000 person-years. Person-years were calculated from the total number of person-
days that contributed to each age period. Poisson regression was used to calculate risk ratios
(RRs) and 95% confidence intervals (Cls) within each characteristic.

Age at Death Analysis

The proportion of unweighted neonatal and postneonatal ID deaths and age at death in
months were examined overall and by birth weight group. The median age at death in weeks
and the interquartile range (IQR) were calculated overall and by birth weight group; the
Wilcoxon rank-sum test18 was used to statistically compare age at death in weeks between
LBW and NBW infants.

Cause of Death

The proportion of weighted infant deaths due to ID was calculated. The most frequently
listed ID UCODs on the death certificate were examined overall and by birth weight group,
and the proportion of neonatal deaths among LBW infants with a most frequently listed 1D
death was calculated. The number and percent of ID death records with bacterial sepsis of
newborn (ICD-10 code P36) as the UCOD or with prematurity (P07) listed anywhere on the
death record were examined overall and by birth weight group. The proportion of neonatal
deaths among all deaths due to bacterial sepsis was calculated.

Case-control analysis

A retrospective case-control study was conducted to determine infant and maternal
characteristics associated with infant mortality due to IDs among LBW and NBW infants.
The cases for each birth weight group were the unweighted infant 1D deaths. Controls for
each birth weight group were selected from singleton infants of the corresponding birth
weight group who survived to the end of their birth year and were born in the United States
to U.S. resident mothers using a simple random sample to obtain a 1:1 ratio of cases to
controls.

Univariate analysis was conducted for each of the birth weight groups using logistic
regression.1® Odds ratios (ORs) and 95% Cls were calculated for sex, 5-minute Apgar score,
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maternal age (years), race, maternal marital status, Hispanic origin, and live birth order.
Significant characteristics (P<0.10) in univariate logistic regression, along with the
interaction of these characteristics with maternal race, were included as potential predictors
in the initial LBW and NBW multivariable logistic regression models. The interaction terms
were included to further examine maternal race in relationship with these characteristics.
Hierarchical backward elimination was then used to determine significant characteristics and
interactions within the multivariable models for each birth weight group. Characteristics and
interaction terms were retained in the LBW and NBW multivariable models at the P<0.05
significance level. Adjusted ORs and 95% Cls were calculated for the significant
characteristics within each of the final LBW and NBW multivariable regression models.

Infant Infectious Disease Deaths and Mortality Rates

An estimated 3,843 infant ID deaths occurred in the United States during 2008 and 2009,
accounting for 8.3% of all infant deaths. Among these deaths, 2,665 (69.5%) were LBW
infants and 1,170 (30.5%) were NBW infants (Table 1). More than 60% of the infant ID
deaths occurred during the neonatal period; this percentage was higher for LBW infants
(72.7%) compared to NBW infants (34.3%, P<0.01; Figure 1). The overall median age of ID
death among infants was two weeks (IQR: 0-8 weeks). LBW infants had a lower age of
death (median: 1 week, IQR: 0-4 weeks) than NBW infants (median: 7 weeks, IQR: 2-20
weeks; P<0.0001).

A large proportion of ID deaths were due to bacterial sepsis of newborn (28.3% overall,
Table 2) with 96% of these deaths occurring in the neonatal period. The proportion of ID
deaths due to bacterial sepsis of newborn was higher in LBW infants (34.1%) than NBW
infants (15.3%; P<0.01). Bacterial sepsis of newborn, unspecified was the most frequently
listed UCOD among LBW (27.5%) and NBW (10.8%) infants. Among LBW infants, the
other most frequently listed UCODs were newborn affected by chorioamnionitis (27.0%);
septicemia, unspecified (9.2%); infection specific to the perinatal period, unspecified
(3.1%); and congenital pneumonia, unspecified (2.1%). The top five UCODs represent
68.9% of LBW infant deaths; 84.7% of these were for neonates. The other most frequently
listed UCODs among NBW infants were pneumonia, unspecified (7.4%);
bronchopneumonia, unspecified (6.9%); septicemia, unspecified (5.8%); and congenital
herpes viral [herpes simplex] infection (5.6%). Overall, 2,294 (59.7%) of the infant ID
deaths had prematurity (ICD-10 code PO7) listed on their death record. Among LBW infant
ID deaths, 84.8% had prematurity listed on their death record while 2.3% of NBW infant ID
deaths had prematurity listed on their death record.

The overall ID IMR was 47.5 deaths per 100,000 live births (Table 1). The neonatal
mortality rate was higher than the postneonatal mortality rate (RR: 19.7, 95% CI: 18.4-
21.0). The IMR was higher for male infants, infants with a 5-minute Apgar score <7, infants
with a gestational age <37 weeks, infants born to an unmarried mother, infants born to
young mothers (<19 and 20-24 compared to 25-29 years), infants with a live birth order of
first, third, or fourth or more compared to second, infants of black race or of AI/AN race
compared to white race, and infants whose mothers had fewer prenatal visits (0, 1-2, and 3—
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5 compared to 26). The IMR for LBW infants was much higher (RR: 33.3, 95% CI: 31.1-
35.7) than that for NBW infants and was highest for VLBW infants (RR: 160.3, 95% CI:
149.4-172.1). The IMR was lower for Hispanic infants and infants of A/PI race compared to
white race.

Infant and Maternal Risk Factors for Infant Infectious Disease Mortality

The case-control study included infants whose 2008-2009 ID death record was linked to the
corresponding birth certificate (2,633 LBW infants and 1,158 NBW; Table 3). In the
univariate analyses, all characteristics were significantly associated with 1D death in logistic
regression for NBW infants, and all except for Hispanic origin were significant in logistic
regression for LBW infants. Male sex, 5-minute Apgar score <7, young maternal age (<19
and 20-24 years), black race, unmarried maternal marital status, and live birth order of
fourth or more were positively associated with ID death in both LBW and NBW infants
(Table 3). For NBW infants, AI/AN race was positively associated with ID death whereas
having Hispanic origin and maternal age =30 years were negatively associated with ID
death. For LBW infants, A/PI race was negatively associated with 1D death compared to
white race.

In the multivariable analyses, all characteristics that were included in the initial logistic
regression models were significant except for maternal marital status in the model for LBW
infants and maternal race in the model for NBW infants (Table 4). Maternal race did not
interact with any of the characteristics included in the initial LBW and NBW multivariable
regression models. Male sex, live birth order of fourth or more, young maternal age (<19
and 20-24 years), and low 5-minute Apgar score were positively associated with ID death in
both LBW and NBW infants (Table 4); however, the effect of 5-minute Apgar score was
greater for LBW infants than NBW infants. For LBW infants, black race was associated
with increased odds of ID death. Among NBW infants, maternal age of =30 years, a live
birth order of first, and Hispanic origin were associated with decreased odds of 1D death
whereas being born to an unmarried mother was associated with increased odds of ID death.

DISCUSSION

The overall average annual ID IMR for 2008-2009 was 47.5 deaths per 100,000 live births,
nearly half of that reported for 1983-1987 (89 deaths per 100,000 live births);3 however, the
proportion of infant deaths due to ID remained similar (8% in 2008-2009 compared to 9%
in 1983-1987).3 The present study found higher ID IMRs in neonates, male infants, LBW
and preterm infants (gestational age <37), infants with a 5-minute Apgar score <7, infants of
black or AlI/AN race, and non-Hispanic infants. A maternal age of <19 and 20-24 years,
unmarried maternal marital status, a live birth order of first or fourth or more, and 0, 1-2, or
3-5 prenatal visits also had higher ID IMRs. Noncongenital ID deaths from 1983-1987 also
showed higher infant death rates for male infants, LBW infants, infants of black race, infants
born to young mothers, infants born to unmarried mothers, and infants whose mothers had
few or no prenatal visits.3

Infants with an ID UCOD are dying early and many of these deaths are potentially
preventable; a majority of these deaths are occurring in the first month of life and a large
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proportion of infants are dying from bacterial sepsis, specifically from an unspecified
bacteria. Prevention and intervention should focus on neonatal 1D deaths with emphasis on
neonatal sepsis. Attention should be paid to appropriate screening for infections in pregnant
women. The Centers for Disease Control and Prevention (CDC) along with the American
College of OB/GYN and American Academy of Pediatrics recommend that all pregnant
women be screened for colonization with Group B streptococcus (GBS) and that colonized
women receive intrapartum antibiotic prophylaxis to prevent vertical transmission of GBS to
the newborn.29-22 This national strategy has proven effective in substantially decreasing the
incidence of early-onset neonatal bacterial sepsis due to GBS.21-25 However, GBS is still
the bacteria most frequently isolated from early onset neonatal sepsis cultures, particularly
among term infants.20-22.26.27 \Missed opportunities for prevention still exist, particularly
among women with no or limited prenatal care who are not screened for GBS colonization,
women who deliver preterm, and those with suspected penicillin allergy, underscoring the
importance of strictly following national prevention guidelines.26-32 Availability of accurate
point of care diagnostics to identify women with colonization at delivery would help identify
women without prior screening or those who have become colonized late in pregnancy. In
the future, both early- and late-onset neonatal bacterial sepsis due to GBS could potentially
be prevented by a safe and effective maternal GBS vaccine.3%:31 Esherichia coli is another
important early-onset neonatal sepsis pathogen, especially among preterm and LBW infants,
but there are no recommended strategies for preventing bacterial sepsis due to E. coli.26:27

Racial disparities persist in infant ID mortality. In the present study, infants of black race
had a higher ID IMR than that for infants of white race, and black race was associated with
increased odds for ID death among LBW infants. Studies of infants in California and North
Carolina also found that the mortality rate due to overall ID was highest in infants born to
black mothers.1911 |n the present study, AI/AN race had a higher ID IMR than white race
and was a risk factor in univariate analysis for NBW infants. However, there was no
association between AI/AN race and 1D death when controlling for other maternal and infant
characteristics in both LBW and NBW infants; this finding may be due to the small number
of AI/AN infant ID deaths and needs to be confirmed by future studies. It is also of interest
to note that Hispanic origin is protective against NBW infant ID deaths in multivariable
analysis.

There are some limitations to this study. Some maternal characteristics of interest, such as
maternal smoking status, maternal education, and adequacy of prenatal care, are potential
predictors for infant ID death, but were not comparable between the 1989 and 2003 U.S.
Standard Certificate of Live Birth revisions and were not included in the analysis.12:13 In
addition, there were only a small number of AlI/AN infant ID deaths in 2008 and 2009 which
could explain why there is a disparity in the ID IMR for AI/AN race but it is not a risk factor
when adjusting for the other maternal and infant characteristics in the multivariable analysis.
The small number of AI/AN 1D deaths may be an effect of racial misclassification;33
however, we used maternal race and ethnicity as indicated on the birth certificate which are
more reliable than infant race and ethnicity reported on the death certificatel*1° so this
should limit racial misclassification. Also, ICD-10 coding is subject to miscoding or
misdiagnosis that could affect inclusion or exclusion of ID deaths. The present study
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analyzed deaths with IDs as the UCOD which is a conservative approach to identification of
ID deaths.

Families and healthcare providers of infants should be aware of the characteristics
associated with higher risk of infant ID death. Awareness of these associations and
development of further strategic measures should lead to the prevention strategies and
reduction of ID deaths among infants.
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Figure 1.
Number of Infant Infectious Disease (ID) Deaths and Cumulative Percent by Age at Death

in Months, Overall and by Birth Weight Group*, United States, 2008—-2009"

* LBW: Low Birth Weight (<2500g), NBW: Normal Birth Weight (=2500g)

*Infant ID deaths were restricted to singleton infants born in the United States to U.S.
residents and defined as an ID underlying cause of death on the death record. Seven infant
death records were missing birth weight and were not included in this analysis. There were
no death records missing age at death in months.
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Weighted Number of Infant Infectious Disease (ID) Deaths and Average Annual Infant Mortality Rates by

Selected Maternal and Infant Characteristics, United States, 2008—2009*

Characteristics Weighted No. (%)F  Rate®  Risk Ratio (95% Cl)
Total 3,843 475 -
Age Period at Death

Neonatal 2,349 (61.1) 394.0 19.7 (18.4-21.0)

Postneonatal 1,494 (38.9) 20.0 Reference
Sex

Male 2,102 (54.7) 50.7 1.2 (1.1-1.2)

Female 1,741 (45.3) 44.1 Reference
Birth Weight (grams)

<2500 2,665 (69.5) 5148 33.3(31.1-35.7)

<1500 2,256 (58.8) 2,478.0  160.3(149.4-172.1)
1500-2499 410 (10.7) 96.0 6.2 (5.5-6.9)

22500 1,170 (30.5) 15.5 Reference
Gestational Age (weeks)

<37 2,679 (70.1) 3147 19.9 (18.5-21.3)

237 1,145 (29.9) 15.8 Reference
5-Minute Apgar Score

<7 1,682 (44.9) 1,278.8 49.0 (46.0-52.3)

=7 2,062 (55.1) 26.1 Reference
Maternal Age (years)

<19 628 (16.3) 74.6 1.8 (1.7-2.0)

20-24 1,159 (30.2) 57.7 1.4 (1.3-1.6)

25-29 926 (24.1) 40.5 Reference

230 1,129 (29.4) 383 0.9 (0.9-1.0)
Race

White 2,360 (61.4) 37.9 Reference

Black 1,267 (33.0) 99.1 2.6 (2.4-2.8)

AI/AN 60 (1.6) 62.4 1.6 (1.3-2.1)

AP 155 (4.0) 318 0.8 (0.7-1.0)t
Maternal Marital Status

Unmarried 2,289 (59.6) 68.7 2.1(2.0-2.2)

Married 1,554 (40.4) 32.6 Reference
Hispanic Origin

Hispanic 811 (21.4) 407 0.8 (0.8-0.9)

Non-Hispanic 2,986 (78.6) 49.5 Reference
Live Birth Order

First 1,691 (44.5) 51.3 1.3 (1.2-1.4)

Second 985 (26.0) 39.1 Reference

Third 586 (15.4) 44.3 11 (1'0_1.3)T
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Characteristics Weighted No. (%)i Rate®  Risk Ratio (95% CI)
Fourth or more 534 (14.1) 59.2 1.5(1.4-1.7)
Number of Prenatal Visits
0 284 (8.0) 2339 7.8 (6.9-8.8)
1-2 212 (6.0) 255.5 8.5 (7.4-9.8)
3-5 871 (24.7) 246.8 8.2 (7.6-8.9)
26 2,166 (61.3) 30.0 Reference

+
Infant 1D deaths were restricted to singleton infants born in the United States to U.S. residents with an infectious disease underlying cause of
death on the death record. Maternal race is used to represent infant race and ethnicity in this study. AI/AN: American Indian and Alaska Native,

AJPI: Asian/Pacific Islander. Infant: <1 year old.
Neonatal: infants <28 days old, Postneonatal: infants =28 days old. CI: Confidence Interval. The number of deaths is weighted to adjust for
unlinked death records and is estimated using weights provided by the National Center for Health Statistics12-15

iMaternal and infant characteristics may not add up to the total number of infant infectious disease deaths due to missing data or rounding due to
weights. The percentages calculated exclude missing data.

*
Average annual rate per 100,000 live births of corresponding group except for age period which is the average annual rate per 100,000 person-
years.

Th<0.05
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Table 2

Weighted Number of Infant Infectious Disease (ID) Deaths due to Bacterial Sepsis of the Newborn, Overall
and by Birth Weight Group, United States, 2008—2009*

Underlying Cause of Death (ICD-10 Code) ?\lv&a;l Il_\lB(\Q(/;; ,’\\IIB(})%;

Bacterial sepsis of newborn (P36) 1088 (28.3) | 909 (34.1) | 180 (15.3)
Bacterial sepsis of newborn, unspecified (P36.9) 860 (22.4) | 733(27.5) | 127 (10.8)
Sepsis of newborn due to Escherichia coli (P36.4) 64 (1.7) 53 (2.0) 10 (0.9)
Other bacterial sepsis of newborn (P36.8) 60 (1.6) 53 (2.0) 6 (0.5)
Sepsis of newborn due to streptococcus, group B (P36.0) 53 (1.4) 24(0.9) 28 (2.4)
Sepsis of newborn due to Staphylococcus aureus (P36.2) 25 (0.7) 25(0.9) 0(0.0)
Sepsis of newborn due to other and unspecified staphylococci (P36.3) 15 (0.4) 14 (0.5) 1(0.1)
Sepsis of newborn due to other and unspecified streptococci (P36.1) 11 (0.3) 5(0.2) 6 (0.5)
Sepsis of newborn due to anaerobes (P36.5) 1(0.03) 0(0.0) 1(0.1)

+
Infant 1D deaths were restricted to singleton infants born in the United States to U.S. residents with an infectious disease underlying cause of
death on the death record. Infant: <1 year old. The number of deaths is weighted to adjust for unlinked death records and is estimated using weights

provided by the National Center for Health Statistics.12=15 The percent is calculated among all infant ID deaths.

*
LBW: Low Birth Weight (<2500 g), NBW: Normal Birth Weight (=2500 g). LBW and NBW deaths may not add up to overall deaths because of
rounding due to weights.
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Table 4

Selected Maternal and Infant Characteristics associated with Infant Infectious Disease (ID) Death in
Multivariable Logistic Regression Analysis by Birth Weight Group, United States, 2008—-2009*
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Characteristics

LBW
OR (95% CI)”

NBW
OR (95% CI)”

Hispanic Origin®
Hispanic

Non-Hispanic

Maternal Marital Status

Unmarried
Married

Live Birth Order

0.67 (0.54-0.82)

Reference

1.69 (1.39-2.05)

Reference

First 0.92 (0.78-1.10) 0.71 (0.57-0.89)
Second Reference Reference
Third 0.95 (0.76-1.18) 1.15 (0.88-1.50)

Fourth or more

1.38 (1.08-1.75)

1.75 (1.30-2.35)

Sex
Male 1.24 (1.08-1.42) 1.23 (1.03-1.46)
Female Reference Reference

Maternal Age (years)

<19 1.69 (1.34-2.13) 1.83 (1.33-2.52)
20-24 1.39 (1.15-1.69) 1.47 (1.16-1.86)
25-29 Reference Reference

=30 1.02 (0.85-1.23) 0.65 (0.51-0.83)

5-Minute Apgar Score

<7 25.96 (21.62-31.38)  11.30 (6.31-22.11)
27 Reference Reference
Race
White Reference -
Black 1.35 (1.16-1.57) -
Al/AN 0.60 (0.31-1.12) -
A/PI 0.77 (0.56-1.06) -

1duasnuen Joyiny

+
Infant 1D deaths and infant survivors were restricted to singleton infants born in the United States to U.S. residents. An ID death is defined as an
1D underlying cause of death on the death record. Maternal race is used to represent infant race and ethnicity in this study. AI/AN: American Indian

and Alaska Native, A/Pl: Asian/Pacific Islander
*
LBW: Low Birth Weight (<2500 g), NBW: Normal Birth Weight (=2500 g), OR: Odds Ratio, ClI: Confidence Interval

THispanic Origin was not significant in univariate logistic regression for LBW infants.
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